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ABSTRACT 
This paper presents numerical study of turbulent premixed 
flames characteristics of two different fuel/air mixtures, namely 
propane and hydrogen. The flames under study are propagating 
past solid baffle plate(s) in a small-scale combustion chamber. 
The chamber design allows for up to three baffle plates to be 
inserted followed by a square obstacle to promote the 
generation of turbulence. The test cases considered in this paper 
examine various configurations of the baffles and one central 
obstacle at a fixed equivalence ratio of 0.8. An in-house 
computational fluid dynamics (CFD) model is used to 
numerically evaluate the characteristics of the flame 
propagation. The large eddy simulation (LES) technique is used 
for turbulence flow modelling. Three different flow 
configurations with various obstacles positioning are used to 
highlight the generated overpressure and flame speed. The 
numerical results are then validated against published 
experimental data to confirm the capability of computational 
models in capturing the features of hydrogen and propane 
flames. A conclusion is drawn that different configurations 
affect the generated peak overpressure as well as the flame 
structure. It was also concluded that hydrogen flames generated 
a significantly greater peak overpressure inside the combustion 
chamber when compared to propane. 
 
INTRODUCTION 
The use of fossil fuels such as propane, also known as LPG 
(C3H8) endures political pressure as a result of the finite 
quantity of fuel available. Further, the combustion of 
hydrocarbons such as LPG produces greenhouse gases which 
are harmful to the environment and human health. As a result, 
alternatives that are renewable and pose a decreased 
environmental risk such as hydrogen (H2) are being explored. 
In order for H2 to be considered as a plausible alternative, 
sufficient research needs to be carried out to ensure that it is 
safe to develop, distribute and store [1]. H2 is known for its 
rapid mixing when released into the atmosphere, with a wide 
flammability range and low ignition energy making it 
extremely dangerous in an event where an accident occurs [2]. 
Experimental work [3] has found that H2 combustion takes 
place at much higher burning velocities and produces much 
higher peak explosion overpressures when compared to LPG or 
CNG.  
 
 
Accidental explosions in partially confined spaces pose a 
significant safety hazard as the generated explosion 
overpressure occurs as a result of the flames propagating past 
solid obstructions. As a result, this paper studies the 
propagation of premixed H2 and LPG flames past repeated 
obstacles in a semi-confined space.  
Experimental data published using The University of 
Sydney combustion chamber is used to validate the numerical 
results. Experimental studies found that the explosion 
overpressure and speed increased with the blockage ratio and 
with decreased distance between the obstructions as this 
enabled the flame to remain turbulent [3].  
CFD has been widely accepted as an alternative to carrying 
out experiments, enabling engineers to numerically model 
potentially dangerous experiments in a safe and cost-effective 
manner [4]. LES has been in use for several years by 
researchers investigating turbulent premixed combustion 
instead of the Reynolds-Averaged Navier-Stokes (RANS) or 
the Direct Numerical Simulation (DNS) approach for 
turbulence modelling. RANS is typically used in large scale 
applications where great extents of accuracy are not essential. 
On the other hand, DNS produces results to a high degree of 
accuracy at a significant computational expense [4]. The use of 
LES to study premixed turbulent flames is only possible with 
an adequate sub-grid-scale (SGS) combustion model in order to 
model the flow below a defined length scale [4]. 
This paper utilised LES to provide a direct comparison 
between fuel/air mixtures using LPG and H2 at a fixed 
equivalence ratio (Φ = 0.8). Both fuels are compared using 
three different flow configurations within the combustion 
chamber.  
 
NOMENCLATURE 
 
u [m/s] Laminar burning velocity 
 
Special characters 
Φ [-] Equivalence ratio 
 
[mol dm-³ s-¹] Mean reaction rate 
 [kg m
-3] Density 
 [kg m
-3] Flame surface density 
 
Subscripts 
u  Unburned 
L  Laminar  
    
EXPERIMENTAL SETUP 
The experimental chamber used to validate the numerical 
results is that developed at The University of Sydney, Australia 
[3], [5], [6]. The combustion chamber dimensions are 50 x 50 x 
250 mm. The chamber is equipped with 3 removable baffles 
and one removable solid cubic obstruction with a side length of 
12 mm placed approximately 96 mm from the ignition end at 
the base of the combustion chamber. Each baffle provides a 
40% area blockage ratio and a 0.48% volume blockage ratio as 
it is made of five strips 4 mm in width and 3 mm in thickness 
evenly separated by 5 mm gaps. The baffles are located at 19 
mm, 49 mm and 79 mm from the base of the chamber.  
Depending on which fuel type is being studied, the fuel-air 
mixture is introduced to the combustion chamber through a 
non-return valve. Ignition is induced using the infrared 
radiation from an Nd:YAG laser 2 mm above the chamber base. 
Pressure readings are recorded at the base and on the wall of 
the combustion chamber using two piezo-electric pressure 
transducers. High-speed imaging is captured using a laser-
induced fluorescence from OH (LIF-OH). The pressure 
readings are recorded at a rate of 25 kHz and the images are 
captured at a rate of 5 kHz providing useful experimental data 
for comparison to numerical results [5]. The configuration 
name helps identify the setup of obstacles and baffles in the 
combustion chamber. For example, configuration BBBS 
employs three consecutive baffles (BBB) followed by a small 
solid (S) obstacle as shown in Figure 1 below. Whereas 
configuration B00S only employs the baffle nearest to the 
chamber base (Baffle 1) followed by the small solid obstacle as 
shown in Figure 2 (right).  
Figure 1 (Left) Combustion chamber configuration using 
setup BBBS. (Right) Removable baffle plate geometry. 
NUMERICAL METHOD 
The numerical simulations have been carried out using an 
in-house code PUFFIN developed by Kirkpatrick et al [7]. The 
combustion chamber measures 50 x 50 x 250 mm whereas the 
full computational domain measures 325 x 325 x 500 mm with 
non-reflecting boundaries so that the results are not influenced 
by pressure waves reflected from the extended computational 
domain. The computational grid utilises 90 x 90 x 336 cells in 
x, y and z directions accordingly, the structure of approximately 
2.7 million cells employs the same grid refinement as 
previously published research [7]. The grid refinement utilises 
areas of increased refinement closest to the base of the chamber 
as a result of the sensitivity of the flame in initial stages of 
combustion and propagation. This also aids in accurately 
replicating flame propagation and base pressure results.  
The mean reaction rate ( ) is modelled using the following 
laminar flamelet approach:  
      (1) 
Where ρu is the unburned mixture density, uL is the laminar 
burning velocity and ∑ is the Flame Surface Density (FSD). 
The flame surface density is evaluated dynamically using a 
Dynamic Flame Surface Density (DFSD) model [8], [9]. 
RESULTS AND DISCUSSION 
Experimental images and numerical results for propane/air 
and hydrogen/air at an equivalence ratio of 0.8 are presented 
and discussed in this section. Comparisons are made for the 
times at which the peak overpressure occurs as well as the 
times at which the flame departs the combustion chamber. Plots 
of the numerical overpressure produced for H2 and LPG are 
shown as well as plots of the flame position and flame speed 
against time are also presented and discussed.  
The configurations shown in Figure 2 were chosen based 
on the availability and validity of experimental data for H2 and 
LPG at the same equivalence ratio. The three configurations 
compare between using three, two and one baffle(s) to promote 
turbulence in the combustion chamber.  
The configurations are set up as follows: 
 BBBS – Uses baffles 1, 2 and 3 followed by a small 
obstacle. 
 BB0S – Uses baffles 1 and 2 but removes baffle 3. The 
small obstacle is also used. 
 B00S – Uses baffle 1 but removes baffles 2 and 3. The 
small obstacle is also used. 
Figure 2 (Left) Configuration BBBS (Centre) 
Configuration BB0S (Right) Configuration B00S. 
 
    
Flame images: 
Experimental images shown in Figures 3 and 5 show flame 
propagation past the baffles and obstacle in the chamber for 
configuration BBBS. The corresponding numerical images 
produced for H2 and LPG are shown in Figures 4 and 6 
respectively. It is clear from both numerical and experimental 
results that in every occasion that the flame propagates through 
the baffles or past the obstacle turbulence is induced. 
 
Figure 3 LIF-OH images of H2 flame structure at different 
times after ignition. 
 
Figure 4 Numerical results showing Iso-lines of c on the 
midplane of the chamber for H2 combustion. 
 
Figure 5 LIF-OH images of LPG flame structure at different 
times after ignition. 
 
Figure 6 Numerical results showing Iso-lines of c on the 
midplane of the chamber for LPG combustion. 
 
Comparison of the experimental and numerical results for 
the time the peak overpressure occurs for H2 and LPG: 
As expected removing the baffle plate(s) results in the peak 
overpressure at the base of the combustion chamber to occur at 
a later time for both H2 and LPG. Note that removing two baffle 
plates only increases the time to peak overpressure for H2 by 
0.86 ms whereas it increases the time to peak overpressure for 
LPG by 8.32 ms. 
 
Configuration BBBS BB0S B00S 
Experimental Result 3.28 ms 3.36 ms 3.96 ms 
LES Result 3.24 ms 3.48 ms 4.10 ms 
Table 1 H2 peak overpressure results. 
Configuration BBBS BB0S B00S 
Experimental Result 19.72 ms 18.84 ms 24.88 ms 
LES Result 19.31 ms 19.03 ms 27.63 ms 
Table 2 LPG peak overpressure results. 
 
Comparison of the experimental and numerical results for 
the time the flame departs the combustion chamber for H2 
and LPG: 
The time at which the flame leaves the combustion 
chamber is used as a reference point to study the overpressure 
produced as a result of the displacement of the flame. These 
times follow a similar trend to the times at which the peak 
overpressure occurs. The decreased time for an increased 
number of baffles is expected as a result of the baffles inducing 
turbulence which in turn produced a higher flame speed. 
 
Configuration BBBS BB0S B00S 
Experimental Result 3.40 ms 3.20 ms 3.80 ms 
LES Result 3.45 ms 3.55 ms 4.30 ms 
Table 3 Time at which H2 combustion flame departs the 
combustion chamber. 
Configuration BBBS BB0S B00S 
Experimental Result 20.00 ms 20.40 ms 25.00 ms 
LES Result 22.55 ms 24.61 ms 34.00 ms 
Table 4 Time at which LPG combustion flame departs the 
combustion chamber. 
 
    
Results of base overpressure against time  
It is clear to see that removing the baffles decreases the 
peak overpressure as shown in Figures 7, 8 and 9. The peak 
overpressure occurs just after 3 ms using configuration BBBS 
but is delayed to approximately 3.5 ms using configuration 
BB0S. Removing the baffles also decreases the peak 
overpressure generated as configuration BBBS produced 
around 1000 mbar of peak overpressure whereas configuration 
B00S generated less than half of that in peak overpressure. 
 
H2 results:  
 
Figure 7 Overpressure-time traces for H2 at 
Φ = 0.8 using configuration BBBS. 
 
Figure 8 Overpressure-time traces for H2 at 
Φ = 0.8 using configuration BB0S. 
 
Figure 9 Overpressure-time traces for H2 at 
Φ = 0.8 using configuration B00S. 
As for LPG, removing the baffles also delays the time that 
peak overpressure occurs, from approximately 19 ms for 
configurations BBBS and BB0S to around 28 ms for 
configuration B00S. LPG combustion produced over 25 mbar 
in peak overpressure using configuration BBBS as shown in 
Figure 10. Configuration BB0S produced just under 18 mbar of 
peak overpressure as shown in Figure 11 and configuration 
B00S shown in Figure 12 produced just over 5 mbar.  
 
 
LPG results: 
 
Figure 10 Overpressure-time traces for LPG at 
Φ = 0.8 using configuration BBBS. 
 
Figure 11 Overpressure-time traces for LPG at 
Φ = 0.8 using configuration BB0S. 
 
Figure 12 Overpressure-time traces for LPG at 
Φ = 0.8 using configuration B00S. 
    
Results of flame position against time: 
The flame position data consistently shows that the flame 
initially moves slowly within the chamber until turbulence is 
induced. The maximum flame position value is up to 250 mm 
as any further is beyond the vented end of the combustion 
chamber. Figure 13 shows that the flame position follows an 
almost identical path for all three configurations before 
configurations with less baffles cover the same distance over a 
greater period of time. The same applies for Figure 14 as the 
positioning of the flame for configuration BBBS and BB0S are 
almost identical over the initial 15 ms of combustion. 
 
 
Figure 13 Flame position-time traces for H2. 
 
 
Figure 14 Flame position-time traces for LPG. 
 
Results of flame speed against time: 
It is not surprising that the configurations with an increased 
number of successive baffles produced the highest flame 
speeds. In Figure 15, configuration BBBS reaches flame speeds 
of over 150 m/s compared to configuration BB0S which is just 
under 150 m/s and configuration B00S which reaches a 
maximum speed of just over 100 m/s almost 1 ms later.  
Likewise, in Figure 16 configuration BBBS reaches just 
over 40 m/s as opposed to BB0S which reaches a maximum of 
approximately 34 m/s. Configuration B00S however is 
significantly lower as it only reaches flame speeds of up to 
approximately 15 m/s as an outcome of the reduced turbulence 
resulting from a lack of baffles in the combustion chamber. 
 
Figure 15 Flame speed-time traces for H2. 
 
 
Figure 16 Flame speed-time traces for LPG. 
 
Configuration effects 
Increasing the number of baffles produced the following 
effects for both fuels: 
 Reduced the amount of time to the peak overpressure 
as the flame departs from the combustion chamber in 
a decreased amount of time. 
 Increased the peak overpressure. 
 Increased the distance covered by the flame within a 
set amount of time. 
 Increased the maximum speed of the flame. 
The points mentioned above are as a result of turbulence 
induced as the flame propagates through the baffles and past 
the solid obstacle. One should also note that for both fuels the 
combustion displayed similar characteristics for all three 
configurations when going through the first baffle. 
 
Comparison between H2 and LPG flames 
When comparing between the two fuels at the same 
equivalence ratio for the time taken to reach the peak 
overpressure and for the time the flame takes to depart the 
combustion chamber, LPG consumes significantly more time. 
For example, using configuration BBBS, the H2 flame 
produced peak overpressure at 3.24 ms whereas LPG produced 
peak overpressure at 19.31 ms. 
 
    
For the magnitude of overpressure produced, it is clear to 
see that H2 overpressure results are consistently and 
significantly higher than LPG. For example, using 
configuration BBBS which induces the most turbulence, LPG 
combustion produced around 25 mbar of overpressure at the 
base of the chamber, whereas H2 produced around 1000 mbar. 
The case is the same when using configuration BB0S, 
numerical results produced under 18 mbar for LPG whereas H2 
produced under 800 mbar. These numerical results are 
consistent with experimental findings published by AlHarbi et 
al [5]. 
The case is the same for the flame position as it takes 
under 5 ms for the H2 flames using all three configurations to 
depart the combustion chamber whereas LPG takes over 20 ms 
to do so. As a result the flame speed is no different as H2 flames 
reach maximums of over 100 m/s whereas the maximum speed 
reached by LPG flames is just over 40 m/s and significantly 
later. 
CONCLUSION 
The numerical results presented in this paper compare 
between the deflagration behaviors of LPG and H2 at a constant 
equivalence ratio of 0.8 and the results are validated against 
published experimental data. The following conclusions are 
drawn: 
 Increasing the number of baffles further induces 
turbulence and promotes combustion. 
 H2 combustion produced approximately 40 times 
more overpressure when compared to LPG 
combustion using the same configuration and 
fuel/air mixture strength. 
 Numerical predictions for the overpressure, flame 
position and speed against time produced good 
agreement for both fuels when compared to 
experimental data for all three configurations. 
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